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Abstract
We studied molecular epidemiology of highly virulent echovirus 11 and 19 strains that were isolated during five outbreaks of enterovirus
uveitis (EU) in Siberia in 1980-1989, and three outbreaks of multisystem hemorrhagic disease of infants (MHD) in 1988-1991. Three
genome regions, 5NTR, VP1-2A junction, and a fragment of 3D polymerase, were analyzed. Phylogenetic grouping in the VP1-2A region
correlated with serotyping results. All studied EV11 and EV19 strains, including the prototype EV11 and EV19, formed a major
phylogenetic group in VP1-2A region. Within that group, several EV11 isolates from EU and MHD outbreaks formed a distinct cluster in
VP1-2A and 5 NTR genome regions, designated EV11/B. All strains of this cluster possessed high virulence for monkeys compared with
the prototype echoviruses. Subgrouping within this cluster correlated with year of virus isolation, not with the disease the viruses caused
in infants (EU or MHD).
© 2003 Elsevier Science (USA). All rights reserved.
Keywords: Enterovirus; Echovirus; Picornavirus; Uveitis; Newborn; Infection; Epidemiology
Introduction
Members of Enterovirus genus of Picornaviridae family,
human enteroviruses (EV), are important pathogens. Al-
though in most cases they cause asymptomatic or very mild
infection, sometimes they can induce a range of serious
disorders (Pallanch and Roos, 2001). Probably the most
severe of these is the multisystem hemorrhagic disease of
newborns (MHD), or sepsis-like disease of newborns,
which affects mostly infants under 3 months. The symptoms
include generalized hemorrhagic lesions and damage to
many organs, usually with hepatonecrosis dominating, al-
though injury to the brain, kidneys, suprarenal glands, or
myocardium can also be prominent. Lethal outcome is not
uncommon. The sporadic disease incidence can reach 2% in
the summer–autumn period. Outbreaks usually occur in
infant-care units involving 4-20 infants. EV11 and EV19
were reported as causative agents in most cases in the
1970s–1980s, although many other serotypes were also
named (Jenista et al., 1984; Modlin, 1986). Single cases or
outbreaks have been reported in USA (Jenista et al., 1984;
Abzug et al., 1993; Modlin, 1986; Pirano et al., 1982),
Canada (Krajden and Middleton, 1983), Hungary (El-
Sageyer et al., 1998), Yugoslavia (Pasic et al., 1997), France
(Chambon et al., 1997), and other countries. Common to all
these studies was that there seemed to be no correlation
between the clinical picture of the disease and the echovirus
serotype.
Intravenous inoculation of primates with high doses of
EV11 and EV19 strains isolated from MHD patients repro-
duced a disease clinically and pathomorphologically similar
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to MHD in infants. Several monkey species have been
demonstrated to be an adequate model of MHD with hepa-
tonecrosis (Lashkevich et al., 1996).
Another, much less known, severe infant enterovirus
disease is enterovirus uveitis (EU). EU is a new eye disease
in infants, which was first identified only in 1980 (Krichev-
skaya et al., 1984; Koroleva et al., 1982; Milner et al., 1984;
Zaitseva et al., 1984). Five outbreaks were registered in
Russia in the 1980s in different regions of Siberia, the
largest of which involved 653 cases (Krasnoyarsk, 1980-
1981). The echovirus strains isolated during these EU out-
breaks could be divided into three distinct groups based on
phylogenetic and serological comparisons: group I, EV19/K
(Krasnoyarsk, 1980-1981); group II, EV11/A (Krasnoyarsk,
1982); and group III, EV11/B (Krasnoyarsk, 1986; Omsk,
1987, 1988; Irkutsk, 1989) (Lukashev et al., 2002). EU
affected mostly infants less than 1 year old. The infection
usually occurred in hospitals in infants with different prior
diseases or complications, such as bronchitis, pneumonia,
premature birth, and others. The principal clinical feature of
EU was severe damage to the iris, often with subsequent
development of cataract and/or glaucoma (Gulman et al.,
1984; Shatilova et al., 1984). A frequent outcome was one-
or two-eye blindness, or different degrees of sight impair-
ment (Denisova, 1999). Enteroviral etiology of uveitis in
other regions of Russia and in other former Soviet Union
states (Armenia, Georgia, Azerbaijan) had also been sug-
gested based on serological tests (Lashkevich et al., 1990a)
and clinical observations (Denisova, 1999).
The role of isolated EV11 and EV19 as causative agents
of EU has multiple proofs. First, EV11 and EV19 strains
were isolated from different tissues and clinical samples of
children with uveitis. Different laboratories isolated EV11
and EV19 strains from diseased infants and contact persons
in different years and cities during outbreaks of EU. Second,
clinically and morphologically similar uveitis was repro-
duced in different monkey species in two different labora-
tories in Moscow (Koroleva et al., 1982) and Sverdlovsk
(Takhchidi et al., 1984) after intraocular inoculation with
EV strains from all five outbreaks. However, prototype
EV11 strain Gregory and EV19 strain Burke did not cause
any signs of an ophthalmic disease in monkeys, or they
caused only very mild, subclinical changes (Koroleva et al.,
1982, 1989). Third, seroconversion to EV11 or EV19 was
observed in all EU patients with neutralizing antibody titers
substantially higher against the Siberian EU strains than
against the prototype EV11 or EV19 strains (Koroleva et al.,
1984; Lashkevich et al., 1990a).
In previous primate experiments (Lashkevich et al.,
1996), both EU and MHD EV11 and EV19 strains have
demonstrated unexpectedly similar pathogenetic and path-
omorphologic properties (Table 3). Thus, it was interesting
to study comprehensively the molecular epidemiology of
available highly virulent EV strains associated with out-
breaks of EU and MHD. To evaluate the relationship of
these highly virulent echoviruses with “ordinary” enterovi-
ruses, we extended the project by additionally analyzing six




The nucleotide and amino acid sequences of VP1-2A
junction region (nt 3017-3552, [sim]365 nt from VP1 and
200 nt from 2A region) of 15 echovirus strains sequenced
here, and the corresponding sequence fragments of 16 echo-
virus strains available from GenBank, were aligned and
used to build phylogenetic trees. The neighbor-joining (NJ)
nucleotide sequence-derived tree (nt tree) for this genome
region (Fig. 1) was highly similar to both the nt tree built
with the maximum likelihood (ML) algorithm (not shown)
and the amino acid sequence derived phylogenetic tree (aa
tree, not shown). All groups that were reliably supported
(70% bootstrap value) on the NJ nt tree were also well
supported on the NJ aa tree and were found on the ML nt
tree.
Grouping on all phylogenetic trees for VP1-2A genome
region was in accordance with the serotype of the viruses.
All EV11 and EV19 strains grouped together into a major
group on both ML and NJ trees, however, on the NJ tree
with rather low bootstrap value (47.9%). Within that major
group, all three EV19 strains grouped with the prototype
Fig. 1. Phylogenetic trees for nucleic acid sequences of VP1-2A region
constructed using neighbor-joining algorithm ClustalX software (Thomp-
son et al., 1997). Numbers at nodes of the tree represent the percentage of
1000 bootstrap pseudoreplicate trees that contained cluster distant to the
node.
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EV19 strain Burke, and all EV11 strains grouped together
with the prototype EV11 strain Gregory, however, with
quite low bootstrap values on the NJ tree (31.7-60.3%) (Fig.
1). Within the EV11 group, two distinct clusters could be
identified on all phylogenetic trees for this genome region.
One of the clusters contained strains from the three latest
EU outbreaks in 1986-1989 that were previously found to
group in 5NTR-VP4 junction region and designated as
EV11/B (Lukashev et al., 2002), from two outbreaks of
MHD in 1988-1991, and the EV11 strain isolated in 1987
(Petrozavodsk, meningitis). This cluster of a total of six
strains will be further referred to as EV11/B (Fig. 1). It is
noteworthy that the difference of amino acid sequences of
the EU and MHD isolates in this cluster was below 1.7%,
and several strains had identical amino acid sequence. Dif-
ference of nucleotide distances within the EV11/B cluster
did not exceed 4.7%. Subclustering within the EV11/B
cluster in general correlated with the time of virus isolation:
strains that were isolated later more closer phylogenetically
to each other.
The other distinct cluster contained three isolates from
Khabarovsk dated 1994-1997 and will be further referred to
as the EV11/C group. Three additional EV11 strains,
namely the prototype EV11 strain Gregory, the EU-causing
strain Mor/M/82 (previously designated as EV11/A) (Ko-
roleva et al., 1984), and strain Kh6/80 did not group reliably
with any other EV11 strain.
Within the EV19 group, strains K/452/81 and the proto-
type EV19 strain Burke did not cluster reliably with any
other EV19 strains, while isolate Djum/91 from the MHD
outbreak in Tadjikistan (Koroleva et al., 1993) was rather
close to Kh1/94 strain from Khabarovsk (Fig. 1). The latter
was not associated with any severe disease (Table 1).
None of the studied strains contained RGD motif in the
VP1 region, which was reported to be responsible for in-
creased virulence of EV9 variant (Zimmermann et al.,
1997).
3D polymerase fragment
Nucleotide and amino acid sequences of a fragment of
3D polymerase gene (nt 6458-6909) of 15 echovirus strains
were sequenced, aligned with 15 GenBank sequences, and
used to create phylogenetic trees (Fig. 2). This region of
enterovirus genome is known for maximum conservation of
the amino acid sequence (Gromeier et al., 1999). We re-
garded nt trees to give higher confidence, because RNA
sequence is subjected to low selection pressure and thus
represents more reliably the phylogenetic relationship of the
strains. Amino acid sequence distances in this genome re-
gion were very low, and the aa tree for this genome region
(not shown) had extremely low bootstrap values and did not
correlate at all with nt trees.
On both ML and NJ trees for this genome region we
observed a distinct group that included all EU and MHD
strains except Djum/91, and EV1, EV9, and SVDV proto-
type strains. On the NJ tree, this group had 99.2% bootstrap
support value. However, we can not evaluate the signifi-
cance of this grouping, because the named prototype strains
were not tested for the ability to cause EU in monkeys and
have not been mentioned very often as causative agents of
MHD in infants.
The EV11/B cluster split into three parts on both ML and
NJ nt trees (Fig. 2). One subcluster consisted of Kust/86 and
Pz/87 isolates; another subcluster included Kar/87, Dor/89,
and Vlad/88 isolates, and the Hun/90 strain did not reside in
any of these subclusters. Both subgroups were supported by
bootstrap values of 100%. As groupings of the EV11/B
cluster strains in this genome region did not correlate with
Table 1
Echovirus strains analyzed in the work
Strain
name







5NTR, VP1-2A, and 3D regions
K/452/81 Krasnoyarsk, 1980–1981 EV 19/Ka Uveitis Feces AF447478, AF446126, AF447465
Mor/M/82 Krasnoyarsk, 1982 EV 11/Aa Uveitis Urine AF447488, AF446113, AF447467
Kust/86 Krasnoyarsk, 1986 EV11/Ba Uveitis Feces AF447477, AF446122, AF447460
Kar/87 Omsk, 1987–1988 EV11/Ba Uveitis Feces AF447473, AF446123, AF447462
Dor/89 Irkutsk, 1989 EV11/Ba Uveitis Urine AF447475, AF446119, AF447463
Hun/90b Hungary, 1989–1990 EV11/Ba MHD Feces AF447474, AF446118, AF447459
Vlad/88c Vladimir, 1988 EV11/Ba MHD Feces AF447472, AF446120, AF447464
Djum/91d Tadjikistan, 1991 EV 19 MHD Feces AF447480, AF446124, AF447468
Pz/87 Petrozavodsk, 1987 EV 11 Meningitis Feces AF447476, AF446121, AF447461
Kh1/94 Khabarovsk, 1994 EV 19 Gastroenteritis Feces AF447479, AF446125, AF447469
Kh2/96 Khabarovsk, 1996 EV 11 Meningitis Feces AF447486, AF446116, AF447458
Kh3/97 Khabarovsk, 1997 EV 11 Gastroenteritis Feces AF447484, AF446114, AF447457
Kh5/94 Khabarovsk, 1994 EV 11 Gastroenteritis Feces AF447485, AF446115, AF447456
Kh6/80 Khabarovsk, 1980 EV 11 Meningitis Feces AF447487, AF446117, AF447466
a Previously identified subtypes, see Lukashev et al. (2002).
b El-Sageyer et al. (1998).
c Koroleva, G.A., unpublished data. Outbreak of MHD with hepatonecrosis involved 16 infants with one lethal outcome.
d This strain was significantly cross-neutralized by EV11 antisera in neutralization test (Koroleva et al., 1993).
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their grouping in VP1-2A and 5NTR regions, additional
PCR-sequencing experiments were conducted to confirm
results for these strains, preferably starting with a different
batch of virus.
The EV11/C group was present on all phylogenetic trees
with high bootstrap support values (100%). Also, in this
genome region EV19 strain Djum/91 (MHD, Tadjikistan)
grouped with EV19 strain Kh1/94, which was not associ-
ated with severe infant disease.
5 NTR region
A fragment of 5 NTR (nt 21-618) of the studied echo-
viruses was aligned with GenBank sequences and phyloge-
netic trees were created. The EV11/B and EV11/C clusters
were present on both the NJ tree (Fig. 3) and the ML tree
(not shown) and were supported with 100% bootstrap val-
ues on the NJ tree for this region. Subclustering within the
EV11/B cluster on both the NJ and the ML trees clearly
correlated with the year of isolation, similarly to VP1-2A
region. No other groups could be reliably identified in this
region of the genome. Grouping on both phylogenetic trees
for the 5 NTR region did not correlate with the serotype.
Ophthalmovirulence test of strains Pz/87, Kh1/94, and
Kh3/97
Ophthalmovirulence of strains that were isolated from out-
breaks of EU and MHD was extensively studied previously
(Table 3). However, ophthalmovirulence of circulating EV
strains associated with other diseases was never tested. Unfor-
tunately, the only adequate models of EU so far are monkeys,
which are expensive and not always available. Thus, we could
test only three of the additionally studied strains for ability to
cause EU. Only one monkey was used for each strain. Based
on phylogenetic studies, we selected EV11 strain Pz/87, the
only available strain of EV11/B cluster which was not associ-
ated with EU or MHD and for which ophthalmovirulence was
not known, EV19 strain Kh1/94, which phylogenetically was
rather close to MHD—causing EV19 strain Djum/91 in
VP1-2A and 3D genome regions, and EV11 strain Kh3/97, a
member of the EV11/C cluster that was absolutely phyloge-
netically unrelated to any of the EU and MHD causing EV
strains. Strain Kar/87 with high ophthalmovirulence demon-
strated in previous experiments (Lashkevich et al., 1990b) was
used as a positive control and caused pronounced uveitis,
evaluated as  according to a previously introduced scale
(see Materials and Methods) (Koroleva et al., 1984). EV11
strain Pz/87, which resided within the EV11/B cluster on
phylogenetic trees, caused milder, but clinically distinct, uve-
itis () (Table 3). EV11 strain Kh3/91 caused very mild,
almost subclinical, uveitis. EV19 strain Kh1/94 caused no
noticeable disease.
Discussion
The sequence comparison of three different genome re-
gions of several EU and MHD strains of EV11 and EV19
Fig. 3. Phylogenetic trees for nucleic acid sequences of 5 NTR region
constructed using neighbor-joining algorithm ClustalX software (Thompson et
al., 1997). Numbers at nodes of the tree represent the percentage of 1000
bootstrap pseudoreplicate trees that contained cluster distant to the node.
Fig. 2. Phylogenetic trees for nucleic acid sequences of 3D polymerase
region constructed using neighbor-joining algorithm ClustalX software
(Thompson et al., 1997). Numbers at nodes of the tree represent the
percentage of 1000 bootstrap pseudoreplicate trees that contained cluster
distant to the node.
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revealed several important facts. The VP1-2A region was
most informative, although other regions yielded additional
information. On all phylogenetic trees for VP1-2A region,
all EV11 and EV19 strains, including the prototype EV11
and EV19, together formed a major group (Fig. 1). The
similarity of prototype EV11 and EV19 was also observed
on phylogenetic trees for the capsid region in other studies
(Hyypia et al., 1997). So far, only members of this major
group were reported as causative agents of EU in infants.
Also, EV11 and EV19 were most often isolated at outbreaks
of the MHD in 1970s and 1980s (Modlin, 1986). Both
MHD- and EU-associated EV11 and EV19 isolates pos-
sessed high virulence for monkeys and behaved very simi-
larly in primate experiments: both the EU and the MHD
isolates possessed a potential to cause EU after inoculation
into the anterior chamber of the eye, and both MHD and EU
strains could cause MHD after iv inoculation (Table 3 and
references therein). However, prototype EV11 and EV19
strains, as well as EV19 strain Kh1/94, all almost avirulent
for monkeys in EU model (Table 3), resided in this major
“EV11–EV19” group as well. Also, MHD is known to be
caused by many serotypes of enteroviruses (Jenista et al.,
1984; Modlin, 1986); however, virulence of these strains for
monkeys is not known. Thus, we cannot affirm that this
EV11–EV19 major group is unique among other enterovi-
ruses based on available data.
Groups found in the VP1-2A genome region expectedly
correlated with the serotype, because VP1 region encodes
for the capsid protein VP1. This is in accordance with
previously studied phylogenetic grouping of enteroviruses
in the capsid-coding region of the genome (Oberste et al.,
1999b). All EV11 strains studied grouped together with the
prototype EV11 Gregory, and all EV19 strains grouped
together with the prototype EV19 Burke.
A very important cluster within the EV11 group was
clearly observed in the VP1-2A and 5 NTR regions on both
the NJ and the ML trees (Figs. 1 and 3). It included isolates
from the latest three EU outbreaks that were previously
found to group together in 5 NTR-VP4 junction region and
were designated as EV11/B group (Lukashev et al., 2002),
strains from two MHD outbreaks in Vladimir, 1988, and
Hungary, 1990, and the strain Pz/87 isolated from a men-
ingitis case. All EU- or MHD-associated strains of this
cluster have previously exhibited high virulence for mon-
keys in both EU and MHD models (Table 3). Strain Pz/87
that was predicted to be ophthalmovirulent based on this
phylogenetic study and then tested in monkeys was indeed
found to be quite virulent in the EU primate model. The
subclustering of strains within the EV11/B cluster on phy-
logenetic trees for both 5 NTR and VP1-2A junction re-
gions correlated with the year of isolation (Figs. 1 and 3).
Strains that were isolated later tended to be closer to each
other; this observation is supported on both the ML and the
NJ trees. However, this subclustering was not so obvious on
VP1-2A region trees, as Vlad/88 and Hun/91 MHD strains
were a bit closer to each other than to the EU-causing
strains.
According to the data we have, we can state that EV11/B
cluster represents a phylogenetically distinct genotype with
altered virulence within the EV11 serotype. This cluster is
comprised by strains that are no more than 4.3% different in
nt sequence in 5 NTR and VP1-2A regions and possess
very similar pathogenetic properties for monkeys. Not all
representatives of the EV11 serotype have such elevated
virulence, as for example, the prototype EV11 strain Greg-
ory and EV11 strain Kh3/97 were almost avirulent for
monkeys in the EU model. However, we should note that
EV11/B is definitely not the only genotype of EV11 that
possesses high virulence, because at least EV11 strain Mor/
M/82 was also very virulent for monkeys, but did not belong
to this cluster. Within the EV11/B cluster, we found that
very close strains were associated with different clinical
syndromes in infants.
Our finding of close phylogenetic relationship of EU-
and MHD-causing strains within the EV11/B cluster finds
support in clinically, epidemiologically, and experimentally
common lines between EU and MHD caused by different
EV serotypes found in published data. First, both diseases
affect only infants, EU below 1.5 years (Gulman et al.,
1984), while MHD usually affects only infants less than 3
months old (Pallanch and Roos, 2001). Second, one of the
most frequent clinical manifestations of MHD is hepatone-
crosis, while liver enlargement was noticed in 40-50% of
EU patients (Gulman et al., 1984). Also, both MHD (Mod-
lin, 1986) and EU were most often caused by EV11 and
EV19. Finally, extreme similarity of pathogenetic properties
of EU- and MHD-causing strains was demonstrated in pri-
mate model (Table 3 and references therein). Thus, it looks
as if we should not distinguish between EU and MHD
isolates, rather we should deal with a distinct group of
enteroviruses with elevated pathogenicity. Currently, we do
not have enough data to speak about possible sequence
similarity boundaries of the EV11/B genotype. However,
we can point out that EV19 strain Kh1/94, which was found
to be almost avirulent for monkeys, was considerably more
distant from the MHD-causing EV19 strain Djum/91
(10.2% in VP1-2A region) compared to distance between
members of the EV11/B cluster (below 4.3% in VP1-2A
region).
Several findings suggest a continent-wide circulation of
EU and MHD strains. First, highly virulent members of the
EV11/B cluster (including Strain Pz/87 that possessed fair
ophthalmovirulence for monkeys but was not associated
with EU or MHD in infants) were isolated in different years
and in geographically distant regions (Fig. 4). Also, previ-
ously it was demonstrated that contact adults could asymp-
tomatically carry EU strains identical to those isolated from
infants with EU (Lukashev et al., 2002). However, these
virulent strains caused only a few outbreaks. This is not a
new observation for enteroviruses, but no clear explanation
has been given so far. The finding of a very close phyloge-
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netic relationship, along with previously found similar
pathogenetic properties of EU- and MHD-causing strains
for monkeys (Table 3 and references therein), presumes
some additional unknown factor that defines the clinical
course of the disease during a case/outbreak of enterovirus
infection. This can be, for example, a genetic shift in virus
population made possible by passaging in susceptible
host(s), or by certain route of inoculation of the first case of
outbreak, or by some other factor.
A group that was reliably identified in the 3D polymerase
region included all EU and MHD strains except strain
Djum/91, EV1, EV9, and SVDV prototype strains. How-
ever, we cannot evaluate the significance of this group,
because ophthalmovirulence of the named prototype EV
strains is not known, and they were not the most frequent
causative agents of MHD in infants. Clustering of the stud-
ied viruses in 3D-polymerase genome region did not corre-
late with the serotype. Similar results were reported in a
number of molecular epidemiologic studies of enterovi-
ruses.
The fact that the EV11/B cluster was not clearly ob-
served and split into three subclusters on the 3D polymerase
region tree suggests recombination between the studied EV
strains and some other enteroviruses. However, detailed
investigation of this issue requires sequencing of complete
viral genomes and is outside the borders of this work.
In general, study of three distinct regions of the genome
of EV11 and EV19 strains accomplished in our work re-
vealed correlation of phylogenetic grouping with the patho-
genetic properties of these strains in the EV11/B cluster. On
the other hand, our study demonstrated, as has been also
widely observed earlier, that the same serotype and geno-
type could be associated with different diseases, while phy-
logenetically unrelated strains often could cause the same
disease. Although the study yielded important data on mo-
lecular epidemiology of highly virulent echovirus strains, it
seems that molecular epidemiology of enteroviruses in its
current state is of little use for the prediction of clinical
course of the infection. Thus, much more effort is still
needed in this field to improve our understanding of general
aspects of biology of enteroviruses. The enormous effort put
into molecular epidemiology and genotyping studies of HIV
or HCV (Arens, 2001) already allows prediction of severity
of the disease, drug resistance, etc. Achievement of a similar
goal for enteroviruses would be very important given their
ability to give rise to emerging diseases such as enterovirus
uveitis or MHD, and expectations of a new role of entero-
viruses in the “post-polio-eradication” world.
Materials and methods
Enterovirus strains used in this work are listed in Table
1. Only one of the many available strains from each out-
break has been used, because previously it was demon-
strated that sequences of multiple isolates from each out-
break are genetically identical or have minimal differences
(Lukashev et al., 2002), and thus each EU and MHD strain
studied reliably represents the corresponding outbreak.
Geographical locations of the virus isolations used in this
work are shown in Fig. 4. One strain from each of the five
outbreaks of enterovirus uveitis, three strains isolated dur-
ing outbreaks of MHD, and six other enterovirus strains
were studied. Most strains underwent four to eight passages
in RD (human rhabdomyosarcoma) cells before being used
for this study.
RNA was isolated from cell-culture supernatants by the
method of Boom (Boom et al., 1990). Reverse transcription
was carried out by M-MLV reverse transcriptase with ran-
dom hexamer primers. The genome fragments amplified in
PCR were as follows: part of 5 NTR (nt 0-641), VP1-2A
junction region (nt 2957-3587), and part of 3D polymerase
gene (nt 6410-6929). All nucleotide positions throughout
the text are given relative to EV11 Gregory genome (Dahl-
lund et al., 1995). Primers used to amplify these regions are
listed in Table 2. After amplification, the DNA was run in
agarose gel, PCR product was extracted with QUIAEX II kit
(Qiagen), and either sequenced directly using PCR primers
(mostly 3D-polymerase gene fragments) or cloned into
pSTBlue1 plasmid (Perfectly Blunt kit, Novagen) and se-
quenced with plasmid-specific primers, as direct sequencing
using highly degenerative primers was not always possible.
The 5 NTR fragment was additionally sequenced from two
internal primers, 0340F and 420R (Table 2), because of the
complexity of the region. Each fragment was sequenced in
two directions on ABI-377-96 sequencer using Big-Dye 2
kit (Applied Biosystems).
Throughout this work and in other parallel projects on-
going in our laboratory, certain genome regions of several
echovirus strains have been sequenced more than once. The
resulting sequences were not always identical. The possible
explanations for this could include virus population heter-
ogeneity, errors introduced by Taq and MLV polymerases,
different passage history, etc. However, the difference never
exceeded 0.5% (data not shown). Thus, sequence differ-
ences below 0.5% were interpreted with caution.
Fig. 4. Geographical location of virus isolations: 1, Krasnoyarsk; 2, Omsk;
3, Irkutsk; 4, Khabarovsk; 5, Petrozavodsk; 6, Vladimir; 7, Tadjikistan; 8,
Hungary.
50 A.N. Lukashev et al. / Virology 307 (2003) 45–53
In doubtful cases, such as results for EV11/B group in
3D genome region (see below), sequencing experiments
were performed twice or thrice, starting from a different
stock of the same virus strain. In all such cases results were
reproduced. Most sequences, however, were not addition-
ally verified in a separate PCR-sequencing experiment, as
sequences of different strains were in all cases at least 2%
different, which excluded cross-contamination. Use of high-
titer virus stocks (106–109 TCID/ml) additionally ruled out
the probability of contamination on different stages of se-
quencing.
The resulting DNA sequences were aligned with corre-
sponding regions of other enterovirus genomes obtained
from GenBank by neighbor-joining algorithm as imple-
mented in ClustalX software (Thompson et al., 1997). Then,
two different algorithms were used to build phylogenetic
trees. First, nt and aa sequence-based trees were created
with NJ algorithm as implemented in ClustalX. Gap-con-
taining positions were excluded and correction for multiple
substitutions was used. The trees were bootstrapped 1000
times. Second, nt-sequence based trees were created with
ML algorithm implemented in DNAML module of PHYLIP
software package (Felsenstein, 1989). As ML and NJ trees
were very similar and no significant differences between
trees produced by two methods were observed, only one
(NJ) tree for each genome region is given in the article.
Trees were drawn with Ngraph module of ClustalX; in-tree
comments were added in Corel Draw 10.
We did not attempt to analyze obtained sequences in any
other aspect than phylogenetically, because there is almost
no reliable data on genetic determinants of pathogenicity of
human echoviruses.
GenBank numbers for enterovirus sequences referred to
in this work can be found in Oberste et al. (1999a). The
accession numbers for the sequences obtained in this work
are given in Table 1.
Virulence for monkeys of all the EU and MHD strains
was extensively tested previously (Table 3). There was a
Table 2
Primers used in this work











Virulence of studied strains for monkeys
Strain Serotype Clinical symptoms Clinical score of EUa
after intraocular inoculation
Ability to cause MHD after iv
inoculationb
K/452/81 EV 19/K Uveitis c Yes
Mor/M/82 EV 11/A Uveitis c Yes
Kust/86 EV11/B Uveitis c Yes
Kar/87 EV11/B Uveitis c Yes
Dor/89 EV11/B Uveitis c Yes
Hun/90 EV11/B MHD b Yes
Vlad/88 EV11/B MHD b Yes
Djum/91 EV19 MHD b Yes
Pz/87 EV11 Meningitis  NT
Kh1/94 EV19 Gastroenteritis  NT
Kh2/96 EV11 Meningitis NT NT
Kh3/97 EV11 Gastroenteritis  NT
Kh5/94 EV11 Gastroenteritis NT NT
Kh6/80 EV11 Meningitis NT NT
EV11 Gregory EV11 Asymptomatic infection c No
EV19 Burke EV19 Diarrhea c No
Note. NT, not tested.
a See Koroleva et al. (1984) for detailed description.
b Lashkevich et al., 1996.
c Koroleva et al. (1982), Koroleva et al. (1984, 1989), Lashkevich et al. (1990b).
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limited possibility to test three of additionally studied
strains not associated with EU or MHD in the monkey
model for ability to cause EU. Thus, strains Pz/87, Kh1/94,
and Kh3/97 were tested in green monkeys according to
experimental procedure described earlier (Koroleva et al.,
1984). Briefly, under system narcosis, 0.1 ml of RD cell-
culture supernatant with virus titer 109.5–1010 TCID/ml was
inoculated into the anterior chamber of the right eye. The
same amount of uninfected cell-culture supernatant was
inoculated into the anterior chamber of the left eye as a
negative control. The severity of EU in monkeys was esti-
mated on the third and fifth day after inoculation according
to previously described scale (Koroleva et al., 1984). 
corresponded to well-pronounced full-scale uveitis, featur-
ing photophobia, blepharospasm, hyperemia, edema, and
discoloration of iris, pupil dilatation to 5–6 mm, and no
reaction of pupil to light.  corresponded to milder, but
still pronounced uveitis, featuring a lower degree of iris
changes, pupil dilatation to 4–5 mm, and weak reaction of
pupil to light, and  corresponded to merely detectable
uveitis, featuring barely detectable iris changes, pupil dila-
tation to 3 mm, and somewhat weak reaction of pupil to
light.  corresponded to no clinically detectable disease,
pupil diameter does not exceed 2 mm, and reaction to light
is normal.
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